The double-dipole strength distribution in 40 Ca is calculated microscopically within a model space of 1p1h -and 2p2h excitations. Anharmonic effects in the centroid energies of the 0 + -and 2 + components are found to be small, in agreement with experimental observation. Firm conclusions about the spreading width cannot be drawn, as yet, due to computational limitations in the number of 2p2h states.
INTRODUCTION
In pion double-charge-exchange reactions as well as in peripheral heavy-ion collisions at relativistic bombarding energies ∼ > 1 GeV/nucleon the double-giant-dipole resonance (DGDR) is strongly excited (see [1, 2] for recent reviews). In the latter case there is a strong longitudinal focusing of the electromagnetic field in the target rest frame. This greatly enhances the field intensity in the vicinity of the target nucleus thus increasing the probability for two-photon absorption from the ground state. The situation is somewhat similar to multi-photon excitations of atoms with intense laser pulses.
Most simply, the DGDR is understood as a two-phonon excitation (with J π = 0 + , 2 + in a spherical nucleus) which, in the harmonic limit, is located at twice the giant dipole resonance (GDR) energy. This expectation is largely confirmed by experiment [2] . On the other hand, the single-dipole state
as well as the double-dipole state
are not eigenstates of the nuclear Hamiltonian and hence acquire a width. Here the experimental situation is less clear and values for Γ DGDR are observed which are bracketed by √ 2Γ GDR and 2Γ GDR [2] . The lower value is expected from a folding of two Gaussians while the larger width results from the folding of two Lorentzians (recall that the Lorentzian gives a good fit to the total photoabsorption cross section).
To reach a quantitative understanding of the DGDR characteristics a microscopic description is needed. A first calculation within the second RPA formalism [3, 4] was presented in ref. 
THEORETICAL DEVELOPMENT
We start by expanding the wave packets |D and |DD (eqs. (1) and (2)) in exact eigenstates |N of the nuclear HamiltonianĤ as
When writingĤ as a mean field part and a residual interaction
(v ij,kl denote antisymmetrized two-body matrix elements) the exact eigenstates |N are obtained by diagonalization in the space of npnh excitations. A minimal truncation of this, prohibitively large, space which can accommodate both single-and double dipole excitations must clearly encompass the 1p1h and 2p2h sector, so that
Due to the one-body nature of the dipole operator, the overlap matrix elements N|D|0 then project onto the 1p1h subspace, |1 , with
while N|DD|0 project onto the 2p2h space, |2 , with
Knowing the expansion coefficients, c N 1,2 and the eigenvalues E N of the Hamiltonian matrix in these spaces one then readily computes the 'strength functions'
The angular-momentum-coupled expression for S DD is somewhat involved and will be given elsewhere [7] . For comparison with experiment it is useful to define the centroids and variances of the strength distributions (8) in terms of their energy moments
as
and similarly for the double-dipole excitation. 
together with data from Compton scattering [11] (for the theoretical distribution a Lorentzian smoothing of 1 MeV has been used). While not reproduced in all detail the overall agreement with experiment is quite satisfactory.
In the harmonic limit, the double-dipole state is expected at 2 × E GDR and a truncation 2 × E GDR = 39.34 MeV, indicating that the anharmonicity is quite small. This is corroborated by the fact that the 0 + -and 2 + components are nearly degenerate. The normalized DGDR strength distributions, (Fig. 2) , indicate some differences between the 0 + -and 2 + components, however, in fine structure as well as in the overall width (the 0 + -component is not strongly excited in experiment [12] 
SUMMARY
To get a quantitative assessment of the DGDR , which has been observed in several nuclei would be desirable to have a proper description of the Coulomb excitation cross section [6] .
As another improvement, RPA ground-state correlations should be included. While this is trivial in the 1p1h sector, the 2p2h sector is more challenging numerically [13] . 
